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Motivation: ACMAP Project

* As convection usually occurs at horizontal scales smaller than the
grid sizes of general circulation models (GCMs), the effects of
convection are represented statistically through the use of
parameterizations as functions of resolved atmosphere state
variables.

* The most common way to parameterize convective transport is
through mass flux schemes.

* A key process that modifies the mass flux is the mixing between
convective plumes and their environment by entrainment and
detrainment processes that describe, respectively, the inflow of
environmental air into the convection and the outflow from the
convective column into the environment.




Motivation: ACMAP Project

* A number of studies have documented the strong sensitivity
of model performances in precipitation, cloud, and trace gases
to entrainment rate (ER) parameterizations.

(Wang et al. 2007; Del Genio et al. 2012; Kim et al. 2012; Yao

and Cheng 2012; Oueslati and Bellon 2013 Field et al. 2014,
2015; )

Goal of this Study

* Goal: Improve the simulation of convection and its impacts
through observational constraints on one of the most
uncertain and important model physical parameters, the
entrainment rate.

()




Perks of this Study

* Previous studies estimated entrainment rate using in-situ
measurements of limited cases.

* This study uses satellite measurements to estimate
entrainment rate for convection over the globe.




Distribution of Valid ER Retrievals

Heat Map of Estimated Entrainment Rates [2007010
Cutoff=0 Prof=3

Entrainment Rate Counts [#]

Grid: 5.0° (lon) X 5.0° (lat)

ER Cases: 139475.



Data Used

[Observations] Level 2, daily swath data

* TES-MLS: combined CO profile data (CO volume mixing ratio,
pressure, altitude)

* CloudSat/CALIPSO: 2B-CLDCLASS-LIDAR data; combines CloudSat
CPR and CALIPSO lidar (cloud type, cloud base, cloud top)

* AIRS: AIRX2RET data (relative humidity, CAPE)

[Model] 6-hourly gridded model output
* GEOS-5: model data

[Time Periods]
* Observational : 01 /2007 -12/2010
* GEOS-5 Model: 01 /2009-12 /2009




Thresholds: [300 km] [1440 s]
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Mass Flux:
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where,
n(z) is the normalized mass flux at height (z) relative to M
cloud base

o is the entrainment ratio (%/km)

Coparcel(z) +0'AZC0environment(Z)]
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Coparcel (z+Az) = [

where,
o is the entrainment ratio (*°/,,,,,)
Az is the height change between different pressure levels
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Method 1 - Plume Model

Yo

ek of
N (
\ ,

Date: 2009/01/01 N
[Case = 5684 ] _ l
[Count =93] 7

60°S
LAT: 8.0000000
LON: 18.750000
90°S
0°E 45°E 90°E 180°E
CO Profile ER-Sim Profile MFC Profile MFD Profile
100 TTRITTTTT ||||||||||||I|||||||||||||||| TTTTTTTTT 100 |||I||l|||l||||||||||l||IllI|]||||||||||||l||l||| 100 IIIIII T |||||l| T 100 |||||I||||||||||I||||||I
200 o T " — 200 — 200 — 200
LMD, N e
o)
E 300 — 300 — 300 [ — 300
]
o
[
I
400 — — 400 — — 400 — — 400
500 — — 500 — — 500 — 500
CO Parcel lﬂ[ﬁ]@@ ~r 1 r 177 ]
70u F D 700 — — 700 — — 700 |- —
0 — 800 — — 800 |— —
each line = +1% [ﬁﬁ] rate 4 sop 4 sl .
11111111111|1||’|’|I|"11'1'111'1111|1||||1. 111111111| P T T v b b b ben
10000 1x107 2x107 3x107 4x107 5x107 108 00000.00010.00020.00030.00040.0005 1008.00 0.02 0.04 0.06 0.08 10000000 0.005 0.010 0.015 0. 020 0.025
CO Concentration Entrainment Rate [1/m] Cumulative MF [kg;,,, m? s™] Detraining MF [kg;,; m” s™]

Cumulative Detraining
MF MF

CO Concentration ER




Date: 2009/01/01
[Case = 5684 ]
[Count = 93]

Method 2

-

\Kg

\‘\.

0°N

30°S

o

Model Given

d

o

Py

60°S
LAT: 8.0000000
LON: 18.750000
90°S
0°E 45°E 90°E 135°E 180°E 135°'wW
CO Profile ER-Sim Profile MFC Profile
100 rrrgrrrrT T T T [T 100 prrrrvrrrvrrTTTTT IR 00 T prrr T
200 FloudTop™ " T — 200 — 200 —
. LMD. .
i)
E 300} — 300 — 300 — —
=
o
{7}
T
400 — — 400 — — 400 — —
500 — — 500 — — 500 —
600 — — 600 — — 600 — —
700 — — 700 — — 700 — —
800 — — 800 — — 800 — —
900 _.Cloud_B1as ___________________ — 900 — — 900 — —
1000 NN IlIIIIlI lllllllll IlIlIIlIl lllllllll 0 FTYTTITITI FITTTITITI (RTSTITSTI (NTSTTINTI FYONNTON 100 T P I
0 1x107 2x107 3x107 4x107 5x107 .00000.00010.00020.00030.00040.0005 8.00 0.02 0.04 0.06 0.08

CO Concentration

CO Concentration

Entrainment Rate [1/m]

ER

Cumulative MF [kg,; m?s™]

Cumulative
MF

MFD Profile

I||||Il|||l||||l||||l|||

200

300

400

500

600 |— —

700 |— —

800 |— —

900 [— —

lIllIlllIllllIIllIllllIl
1049000 0.005 0.010 0.015 0.020 0.025

Detraining MF [kg;,; m” s™]

Detraining
MF




ER Distribution by Method /Source

ER Frequency Comparisons [ 2009/01/01 - 2009/12/31 ]
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ER Distribution - Split by Land and Ocean Surface

Distribution of Estimated Entrainment Rate (Main Profile DC% > 0%)
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ER Distribution - Binned by Cloud Top Height
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ER Distribution - Binned by CAPE

Estimated Entrainment Rate Binned by CAPE
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Estimated ERs decrease with increasing CAPE using both plume methods,
however, ERs used directly in the GEOS-5 model show strong decrease
followed by an increase in ER with CAPE.




Average Entrainment Rate [ % / km ]
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ER Distribution - Binned by Relative Humidity

Estimated Entrainment Rate Binned by RH [850 mb]
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Summary

A decrease in frequency of estimated/given ER with increasing ER,
meaning estimated and given ERs were found to be predominately
below 20 %/km.

Comparing land/ocean cases using TES/MLS CO profiles found higher
estimated ERs over land compared to over ocean.

A decrease in estimated ER is found with increasing cloud top height.
GEOS-5 simulated ERS are found to be much lower especially at higher
clout top heights.

Estimated ERs decrease with increasing CAPE using both plume
methods, however, ERs used directly in the GEOS-5 model shows a
strong decrease followed by an increase in ER with CAPE.

Model plume estimated ERs and given ERs increase with increasing
RH, while the observation-based ER does not vary much with RH.




